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Light-mediated interactions via diffractive coupling:

Nonlinear light-matter coupling: dipole force — spontaneous crystallization
Cold, thermal atoms [2]

Single mirror feedback scheme
Firth 1990 [1] d=2z/8
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*ﬂ.&!ﬂ fis > Numerical results: optical model
Hamiltonian Mean Field (HMF) Model

Archetypical model for long-range coupled systems
* N particles on a ring experiencing pairwise cosine interaction e — 90. A — 100 - L0
» Self-gravitating systems, X-Y rotors, e.g. [4] | 0=« == 0.8
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. Extension to quantum HMF: Chavanis [5], Plestid & O’Dell [6] ",.‘,1
« Space-time oscillations, chevrons, solitons [6] '
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Derivation of HMF \-

Large detuning — small susceptibility

Fy, = /Poexp (—ixon(z,t)) = /po(1 + ixon(z,t));  n(z,t) = [¥(z,t)]?

w, /T =1.00 x 107, R = 0.99
Py = 6.3 X 108
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Critical Fourier component %) = i St W (2, t) [Pe9e da
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« Good agreement between SMF and HMF simulations
| * Prospects for experimental realization of archetypical model for long-range coupling
‘(I)(Qj t) = o JET W (0, 1) ]2 cos(8 — 6)) dﬁ"" . o) - Thermal atoms plus molasses: Classical HMF
« Kuramoto model with damping and inertia
* Brownian Mean Field phase transition
O 52\ ! « Connection to
b T Wy e®(0,1)V * Supersolids
* Time crystals

Motivates definition of nonlocal potential

Effective Gross-Pitaevskii equation

Ferromagnetic: ¢ > 0 e = 20Rpyxo = Rp%buf‘
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Discussions with G. Morigi; G. Campbell
Experimental collaboration on thermal atoms:
G. Labeyrie, R. Kaiser

Order parameter: Magnetization




